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[57] ABSTRACT 
Disclosed herein are monomeric compounds having the 
formula: 

wherein: R and R1 are independently hydrogen, 
halide or alkyl; 
R2 and R3 are independently hydrogen, alkyl, cyclo 

alkyl, aryl or aralkyl; 
q is 0 or 1; and 
Ar is arylene, and a method of preparing same. 

These monomers can be homopolymerized or copoly 
merized with one or more other monomers to yield 
polymers having desirable solubility characteristics. In 
particular, copolymerizable ethylenically unsaturated 
monomers can comprise aldehyde—containing vinylaryl 
ethers, to yield crosslinkable polymers useful in relief 
image materials or as binders in photographic layers. 

9 Claims, No Drawings 
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POLYMER OF N-(ACRYLOYLOXYARYL) I 
SULFONAMIDES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
.This invention relates to organic materials which are 

useful in preparing polymers particularly useful in they 
graphic arts and photographic arts ?elds. In one of its 
aspects, it relates to the use of such materials to prepare 
polymers which can be incorporated into radiation-sen 
sitive elements to obtain a desirable combination of 
properties. In another of its aspects, it relates to the 
preparation of such organic materials. 

2. Description of the Prior Art 
The formation of ethylenically unsaturated mono 

mers by reacting an acyl halide material with a substi 
tuted phenol is known. For instance, Naito et al, Moku 
zai Gakkaishi, 22, (8), 1976, pages 461 through 465, 
discloses a reaction of o-methoxyphenol with poly(me 
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thacryloyl chloride) to form poly(o-methoxyphenyl _ 
methacrylate). US. Pat. No. 3,024,221, issued Mar. 6, 
1962, discloses the reaction of a vinyl acyl halide with a 
sulfonic acid substituted phenol. 
US. Pat. No. 2,566,162, issued Aug. 28, 1961, dis 

closes vinyl sulfonilimide monomers formed by reacting 
a sulfonilimide with an acrylyl or methacrylyl halide in 
a basic environment. However, these polymers are not 
soluble in acetone which is the preferred solvent for 
coating polymeric binders for radiation-sensitive ele 
ments. 

It would be highly desirable to have available vinyl 
ester monomers with pendant arylsulfonamide groups 
which are soluble in acetone. It would also be desirable 
to have a method of incorporating such pendant groups 
into polymers. ' 

SUMMARY OF THE INVENTION 

The present invention provides polymerizable vinyl 
arylsulfonamide esters which are soluble in acetone, 
methyl ethyl ketone, tetrahydrofuran and dioxane, and 
are easily prepared from readily available starting mate 
rials. The present invention also provides polymers 
containing pendant arylsulfonamide groups formed 
from such monomers. 
The polymers of the present invention are useful in 

many applications, but are particularly useful as copoly 
mers in radiation-sensitive materials used in the graphic 
arts. Such copolymers which can also comprise units of 
polymerized vinyl ethers having pendant aldehyde 
groups can be crosslinked with reagents, such as amines, 
to provide organic solvent insoluble areas. These insolu 
ble areas in light-exposed regions of a lithographic plate 
or photoresist provide negative relief images. Preferred 
uses for the polymers of this invention are disclosed in 
copending U._S. Application Ser. No. 015,541, filed Feb. 
26, 1979 by Adin and Wilson. 

Certain other copolymers can comprise units of poly-V 
merized ethylenically unsaturated monomers having 
ionic groups which form copolymers soluble in solvent 
systems, such as acetone-water mixtures, water, al 
cohol-water mixtures, methanol and the like. Such ani 
onic or cationic copolymers are suitable for aqueous 
processing. _ 

The polymers of the present invention are also useful 
as binder vehicles in a variety of applications, such as in 
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various light-sensitive compositions, subbing layers and 
the like. 
One aspect of the present invention comprises a com 

pound having the formula: 

,wherein: 
R and R1 are independently hydrogen, halide, or 

alkyl; 
R2 and R3 are independently hydrogen, alkyl, cyclo 

alkyl, aryl _or aralkyl; 
q is 0 or 1; and 
Ar is arylene. 
In another aspect of the present invention, a process 

of preparing the compounds of formula (I) comprises 
reacting a compound having the formula: 

II 
cHR=cR1cx 

with a compound having the formula: 

HO—Ar—(CH2),r-NR2SO2R3 

in an organic solvent medium wherein R, R1, R2, R3, q 
and Ar are as de?ned above, and X is a halide. 

Still another aspect of the present invention com 
prises a polymer formed from: (a) about 1 to about 100 
mole percent of one or more monomers having formula 
(I), and (b) from 0 to about 99 mole percent of one or 
more additional ethylenically unsaturated polymeriz 
able monomers. 

In still another aspect of the present invention, a 
process of preparing the above-described polymer com 
prises (l) reacting a vinyl acyl halide having the for 
mula: 

ll 
ci-m=cR'cx 

with a hydroxy compound having the formula: 

in an organic solvent medium wherein R, R‘, R2, R3, 
Ar, q and X are as de?ned above, and (2) polymerizing 
the monomer formed in step (1) with 0 to 99 mole per 
cent of one or more additional ethylenically unsaturated 
polymerizable monomers. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The monomers of the present invention are depicted 
by the formula: 

wherein: 
R and R1 are independently hydrogen; halide, such as 

?uoride, chloride, bromide and iodide; or alkyl, prefera 
bly having from 1 to 4 carbon atoms, such as methyl, 
ethyl, propyl, isopropyl, tert-butyl and the like, includ 
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ing substituted alkyls such as haloalkyls, such as chloro 
methyl, 1,2-dibromoethyl and the like; at 
R2 and R3 are independently hydrogen; alkyl, prefera 

bly having from 1 to 10 carbon atoms, such as methyl, 
ethyl, n-butyl, tert-butyl, hexyl, 2,3»dimethyloctyl and 
the like, including substituted alkyls such as described 
above; cycloalkyl, preferably having 4 to 10 carbon 
atoms, such as cyclobutyl, cyclopentyl, cyclohexyl, 
1,3-dimcthylcyclooctyl and the like, and substituted 
cycloalkyls having substituents such as those listed for 
the alkyl groups described above; or aryl, preferably 
having 6 to 18 carbon atoms, including phenyl, naph 
thyl, anthryl and aryl groups substituted with substitu 
ents, such as alkyl, halides, nitro, alkoxy and the substit 
uents as described for the above alkyl groups; or aralk'yl 
preferably having from about 7 to 20 carbon atoms, 
including benzyl, methylbenzyl, diphenylmethyli and 
chlorobenzyl; ‘ 

Ar is arylene, preferably having from 6 to 18 carbon 
atoms, including phenylene, naphthylene, phenylenedi 
methylene, diphenylene and the like which can be sub 
stituted or unsubstituted, for example, with alkyl prefer 
ably containing 1 to 4 carbon atoms, halide, sulfonam 
ido, nitro, alkoxy and the like substituted groups as 
described above; and 
q is 0 or 1. 
Exemplary monomers corresponding to formula (I) 

include N-(4-methacryloyloxyphenyl)methanesulfona 
mide, N-(2-methacryloyloxyphenyl)methanesulfona 
mide, N-(4-methacryloyloxyphenyl)ethauesulfonamide, 
N-(2-methacryloyloxyphenyl)ethanesulfonamide, N-(3-= 

N-(4- . methacryloyloxyphenyl)ethanesulfonamide, 
methacryloyloxyphenyl)propanesulfonamide, 
methacryloyloxyphenyl)buta.nesulfonamide, 
methacryloyloxyphenyl)butanesulfonamide, 
methacryloyloxyphenyl)butanesulfonamide, 
rnethacryloyloxyphenyl)benzenesulfonamide, 
acryloyloxyphenyl)methanesulfonamide, 
acryloyloxyphenyl)ethanesulfonamide, 
cryloyloxyphenyD-N-methylmethanesulfonamide, 
(3,S-dichloro-4-methacryloyloxyphenyDmethanesul 
fonamide, N-(3,5-dibromo-4-methacryloyloxyphenyl) 
methanesulfonamide, N~(2-methyl-4-methacryloyloxy 
phenyl)metha.uesulfonamide, N-(3-methyl-4-metha 
cryloyloxyphenyl)methanesulfonamide, 2,4—bis(me 
thanesulfonamido)phenyl methacrylate, N-(4-metha 
cryloyloxybenzyl)methanesulfonamide, N.(4-metha 
cryloyloxybenzyl)ethanesulfonamide, N-(4-metha 
cryloyloxybenzyl)toluenesulfonamide, N-(4 
acryloyloxybenzyl)methanesulfonamide, N'(3-metha 
cryloyloxyphenyl)methanesulfonamide and the like. 

Preferred monomers of the present invention are 
those having formula (I) wherein R and R2 are hydro 
gen, R1 is hydrogen or methyl, R3 is alkyl or aryl, and 
Ar is phenylene. Particularly preferred monomers are 
N-(4-methacryloyloxyphenyl)methanesulfonamide and 
N-(4-methacryloyloxybenzyl)methanesulfonamide. 
The process of preparing monomers of formula (I) 

comprises reacting a vinyl acyl halide compound hav 
ing the formula: 

ll 
CHR=CRICX 

with a hydroxy compound having the formula: 
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in an organic solvent medium. R, R1, R2, R3, Ar, q and 
X are de?ned as described above. 

Typical vinyl acyl halides include methacryloyl chlo 
’ ride, methacryloyl bromide, acryloyl chloride, ethac 
ryloyl chloride, a-chloroacryloy] chloride and the like. 
It is noted that many other halides could be used to 
prepare the monomers described hereinabove. 

. Similarly,’ typical hydroxy compounds useful herein 
include substituted or unsubstituted N-(hydroxy 
phenyl)sulfo_namides, N-(hydroxybenzyl)sulfonamides 
and the like. N-(hydroxyphenyl)sulfonarnides can be 
prepared from the corresponding aminophenols or their 
salts with sulfonyl chlorides according to the general 
‘procedure of A. L. Beckwith et al, J. Org. Chem, 19, 
1708 (1954). N-(4-hydroxybenzyl)sulfonamides can be 
prepared by catalytically reducing N-(4-hydroxyben 
zylidene)sulfonamides. N-(4-hydroxybenzylidene)sul 
fonamides can be prepared by condensing 4-hydrox 
ybenzylaldehyde with sulfonamides according to the 
general procedure of Markov and Kasyan, Ukrainski 
Khimicheskii Zhurnal, Volume 33, No. 3, page 299 
(1967). 
The described reactants are reacted in the presence of 

an acid acceptor which is de?ned as a compound which 
will react with the released halo acid condensate to 
form a salt and aid in shifting equilibrium to product. 
Exemplary acid acceptors include hydroxides, such as 
alkali metal hydroxides, alkaline earth metal hydrox 
ides, quaternary alkyl ammonium hydroxides and the 
like; alkoxides, such as aluminum butoxide, calcium 
isopropoxide, sodium ethoxide and the like; carbonates, 
such as sodium carbonate, potassium carbonate, calcium 
carbonate and the like; trialkylarnines, such as triethyl 
amine, tributylamine and the like; pyridine; picoline; 
lutidine; weak base ion-exchange resins, such as Amber 
lite IR4B and Amberlite IR-45 (products sold commer 
cially by Rohm and Haas Company) and the like; and 
others available in the art. The acid acceptors are gener 
ally present in the reaction mixture in ratios of 1:1 to 
21:10 with the hydroxy compound. 

' Stoichiometrically, one mole of each of the reactants 
is required to produce one mole of monomer and one 
mole of saltbyproduct. Actually, it may be desired to 
provide an excess of the vinyl acyl halide compound. 
Suitable molar ratios of the halide to the hydroxy com 
pound can be between about 2:1 and about 1:1, and 
preferably between about l.2:l.0 and about l.0:l.0. 

If desired, a mutual inert solvent can be employed to 
dissolve the reactants or serve as a heat transfer me 
dium. The use of inert solvents is particularly desirable 
in a continuous method of preparation. The products 
can be removed from the reaction solvent by any suit 
able means such as ?ltration; concentration and the like. 
The amount of solvent is not critical and can vary be 
tween about 75 and about 99 weight percent of the 
reaction mixture, with between about 83 and about 93 
weight percent being preferred. Suitable solvents in 
clude chlorinated solvents, such as methylene chloride, 
ethylene dichloride and the like; diethyl ether; tetrahy 
drofuran and the like. 
The reaction generally proceeds at a temperature 

between about —-l0° and 10° C., and preferably be 
tween about —5‘’ to about 0° C. The reaction pressure 
can be from subatmospheric to superatmospheric pres 
sures of 1,000 psig or higher. Typically, the reaction is 
carried out at atmospheric pressure. 
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The reaction time is a function of reaction tempera 
ture, pressure and the particular reactants employed, In 
general, reaction times are between about 0.5 and about 
4 hours, but shorter times can be employed with more 
active reactants and longer times for less active reac 
tants. . 

Particular reaction conditions are illustrated in exam 
ples below in the preparation of particular monomers. 
The sulfonamide-containing monomers described 

herein are useful in making the acetone-soluble poly? 
mers of the present invention. 
The polymers comprise about 1 to 100 mole percent 

of one or more polymerized monomers of the described 

formula (I). Mixtures of such monomers can be used, if 
desired, in forming the polymers. 
The copolymers can comprise up to 99 mole percent 

of recurring units derived from one or more additional 

ethylenically unsaturated polymerizable monomers, 
each containing, for example, at least one —CH:C< 
or CHZIC < group. Exemplary monomers include, for 
example, vinyl esters, such as vinyl acetate, vinyl buty 
rate and the like; vinyl amides, such as acrylamide, 
methacrylamide, N-methylacrylamide, N-isopropyla 
crylamide; vinyl nitriles, such as acrylonitrile, methyla 
crylonitrile, 3-butene nitrile and the like; vinyl ketones, 
such as methyl vinyl ketone and the like; vinyl halides, 
such as vinyl chloride, vinyl bromide, vinylidene chlo 
ride and the like; vinyl ethers, such as allyl phenyl ether, 
methyl vinyl ether, and o-formylphenyl. vinylbenzyl 
ether; a,B-unsaturated acids or esters thereof, such as 
acrylic acid,“ methacrylic acid, methyl acrylate, butyl 
methacrylate, 2<dimethylaminoethyl methacrylate, 2 
ethylhexyl acrylate, Z-hydroxyethyl methacrylate, m 
formylphenyl methacrylate and the like; ole?ns and 
diole?ns, such as ethylene, propylene, butadiene, iso 
prene, l,l-di-phenylethylene and the like; vinyl aromat 
ics, such as styrene, a-methylstyrene, p-chlorostyrene 
and the like; 4,4,9-trimethyl-8-oxo-7-oxa-4-azonia-9 
decene-l-sulfonate; 2-'(methacryloyloxy)-ethyltrime 
thylammonium methosulfate; N-vinylsuccinimide; N 
vinylphthalimide; N-vinylpyrazolidone and the like. 
Mixtures of monomers can be used, if desired. 

In one preferred embodiment of the present inven 
tion, novel uncrosslinked polymers which are soluble in 
acetone, tetrahydrofuran and methyl ethyl ketone and 
the like, are formed from: 

(a) about 1 to about 99 mole percent of one or more 
monomers having formula (I); and Y 

(b) about 1 to about 99 mole percent of one or more 
additional ethylenically unsaturated polymerizable 
monomers containing pendant aldehyde groups which 
crosslink with reagents, such as amines. 
Exemplary of such aldehyde-containing monomers 

include m-formylphenyl methacrylate, m-formylphenyl 
acrylate, acrylamidoacetaldehyde, p-(Z-metha 
cryloyloxyethoxy)benzaldehyde and the like, as de 
scribed in U.S. Pat. No. 2,929,710, which is incorpo 
rated herein by reference; and monomers ‘having the 
formula (II). ‘ 
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'wherein: 
R4, R5, R6 and R7 are independently hydrogen; or 

alkyl having from 1 to 4 carbon atoms, such as methyl, 
ethyl, propyl, butyl, isopropyl, tert-butyl and the like; 
R8 is arylene having from 6 to 18 carbon atoms, such 

as phenylene, naphthylene, anthrylene, biphenylylene, 
including arylenes substituted with any of the above 
substituents; 
m is an integer of from 1 to 4; and 
n is an integer of from 0 to 4. 
Exemplary monomers corresponding to formula (II) 

include o~, vp,-_or m-formylphenyl vinylbenzyl ether; 0-, 
p- or hm.-(2-formylethoxy)phenyl vinylbenzyl ether; 2-, 
3- or 4- formylnaphthyl vinylbenzyl ether; formylbiphe 
nylyl vinylbenzyl ether; o- or p-formyl-Z-methylphenyl 
vinylbenzyl I ether; ' o-, p- or m-formylphenyl a 
chlorovinylphenylethylene ether and the like. Mixtures 
of these monomers can be used, if desired. 

Preferred polymers of the present invention formed 
from monomers having-formula (II) are those wherein 
R4, R5, R? and Rzare all hydrogen, and most preferably 
when, additionally, m is l and n is‘O. Particularly pre 
ferred polymers ;are~obtained_ when R8 is phenylene, 
including such-monomers as o-, p- or m-formylphenyl 
vinylbenzyl ether. , 
Methods of preparing monomers of formula (II) are 

discussed ,; in copending U.S. Application Ser. No. 
928,138 allowed of Wilson entitled Aldehyde-Contain 
ing Vinylaryl Ethers, ?led July 26, 1978. 

In another embodiment, novel copolymers soluble in 
acetone-water,‘v methanol, methanol-water and water 
solvent systems when used in minor amounts are suit 
able for aqueous coating and processing. These copoly 
mers can be formed from: 

(a) about ‘1 to about 99 mole percent of one or more 
monomers having formula (I); and 

(b)-about 1 to about 99 weight percent of one or more 
additional - ethylenically unsaturated polymerizable 
monomershaving ionic groups. 
Examples of , such copolymerizable monomers in 

clude the following and/or: their salts: \ 
N-(2-methacryloyloxyethyl)-N,N,N-trimethylam 
monium methosulfate ' 

N-benzyl-N,N-dimethyl-N-vinylbenzylammonium 
chloride 

Aconitic acid 
2-Acrylamido-2-methylpropanesulfonic acid 
3-Acrylamidopropane-l-sulfonic acid 
Acrylic acid 4 
-Methacrylic acid 
4-Acryloyloxybutane- l-sulfonic acid 
3-Acryloyloxypropionic acid 
3-Acryloyloxybutane-l-sulfonic acid 

' 3-Acryloyloxypropane-l-sulfonic acid 
4-t-Butyl-9-methyl-8-oxo-7-oxa-4-aza-9-decene-l-sul 

fonic acid 
a-Chloroacrylic acid 

-' ~Maleic acid 
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Chloromaleic acid 
2~Methacryloyloxyethyl-l-sulfonic acid 
Citraconic acid 
Crotonic acid 
Fumaric acid 
Mesaconic acid 
a-Methyleneglutaric acid 
Monoethyl fumarate 
Monomethyl a-methyleneglutarate 
Monomethyl fumarate 

, Vinylsulfonic acid 
p-Styrenesulfonic acid 
4-Vinylbenzylsulfonic acid 
Acryloyloxymethylsulfonic acid 
4-Methacryloyloxybutane-l-sulfonic acid 
Z-Methacryloyloxyethane- l-sulfonic acid 
3-Methacryloyloxypropane-l~sulfonic acid 
2-Acrylamidopropane-l-sulfonic acid I 
2-Methacrylamido-2-methy1propane-l-sulfonic acid 
3-Acrylamido-3-methylbutane-l-sulfonic acid; and 
Maleic anhydride 

' The' preferred monomer having an ionic group is 
N-(2-methacry1oyloxy)ethyltrimethylammonium meth» 
osulfate. , 

Although the amount of polymerized monomer of 
formula (I) incorporated in the polymers of the present 
invention can vary from about 1 to about 100 mole 
percent, preferably the amount is from about‘ 50 to 
about 99 mole percent. The preferred amount of addi 
tional ethylenically unsaturated polymerizable mono 
mers is from about 0 to about 50 mole percent. 
Exemplary polymers of the present invention include 

poly[N-(4fmethacryloyloxyphenyl)methanesulfona 
mide], poly[N-(4-methacryloyloxyphenyl)-N-methyl 
methanesulfonamide], poly[N-(3,5-dibromo-4-metha 
cryloyloxyphenyl)methanesulfonamide], poly[N-(2 
methyl-4-methacryloyloxyphenyl)methanesulfona 
mide], 
fonamide], poly[N-(4-methacryloyloxyphenyl)me 
thanesulfonamide-co-2-(methacryloyloxy)ethyltrime 
thylammonium methosulfate], polylN-(4-metha 
cryloyloxyphenyl)methanesulfonamide-co-N-(4-metha 
cryloyloxyphenyl)-N-methylmethanesulfonamide] and 
the like. - 

The process of preparing the polymers of the present 
invention comprises two steps, the ?rst being that of 
making the sulfonamide monomer by the method de 
scribe'd'earlier. The second step comprises homopoly 
merization of these monomers or copolymerization 
with each other, or with the additional ethylenically 
unsaturated polymerizable monomers. ~ 

Polymerization'can be carried out using techniques 
available to those skilled in the polymer chemistry art, 
including bulk, suspension, emulsion, solution and con 
tinuous techniques. Preferably, it is carried out in or 
ganic solvent solutions, usually solvents such as p-diox 
ane, N,N-dimethylformamide, tetrahydrofuran'and the 
like, and most preferably in N,N-dimethylformamide. 
The temperature at which the polymers of the pres 

ent invention are prepared is subject to wide variation, 
since this temperature depends upon such variable fea 
tures as the speci?c monomers used, duration of heat 
ing, pressure employed and like ‘considerations. How 
ever, the polymerization temperature generally does 
not exceed about 110° C., and most often it is in the 
range of about 40° to about 100° C. The polymerization 
can be carried out in a suitable vehicle, for example, 
water or mixtures of water with water-miscible sol 

poly[N-(4-methacryloyloxybenzyl)methanesul- ‘ 

20 

25 

35 

40 

45 

50 

55 

60 

65 

8 
vents, as-exempli?ed by methanol, ethanol, propanol, 
isopropyl alcohol, butyl alcohol and the like when 
emulsion or suspension techniques are used. The pres 
sure employed in the polymerization, if any, is usually 
only suf?cient to maintain the reaction mixture in liquid 
form, although‘ either superatmospheric or subatmo 
spheric pressures can be used. The concentration of 
polymerizable monomer in the polymerization mixture 
can be varied widely with concentrations up to about 80 
percent by weight, and preferably from about 10 to 
about 50 percent by weight, based on the weight of the 
vehicle, being satisfactory. Suitable catalysts for the 
polymerization reaction include, for example, from 
about 0.001 to about 2.0 weight percent of free radical 
catalysts, such as hydrogen peroxide, cumene hydro 
peroxide, azo-type initiators and the like. In redox poly 
merization systems, conventional ingredients can be 
employed. If desired, the polymer can be isolated from 
the reactionlvehicle by freezing, salting out, precipita 
tion in a non-solvent, such as diethyl ether, or any other 
procedure suitable for this purpose. 
As indicated in US. Pat. No. 3,142,568, issued July 

28, 1964, it is sometimes advantageous to include a sur 
face active agent or compatible mixtures of such agents 
in emulsion or suspension preparation of vinyl or addi 
tion polymers. Suitable wetting agents include the non 
ionic, ionic and amphoteric types, as exempli?ed by the 
polyoxyalkylene derivatives, amphoteric amino acid 
dispersing agent, including sulfobetaines and the like. 
Such wetting agents are disclosed in US. Pat. Nos. 
2,600,831, issued July 17, 1952; 2,271,622, issued Feb. 3, 
1942; 2,271,623, issued‘ Feb. 3, 1942; 2,275,727, issued 
Mar. 10, 1942; 2,787,604, issued Apr. 2, 1957; 2,816,920, 
issued Dec. 17, 1957v and 2,739,891, issued Mar. 27, 1956. 
The equivalent molecular weights of the polymers of 

the presentinvention are subject to wide variation, but 
typically can be within the range of from about 10,000 
to about 500,000. These'polymers generally have inher 
ent viscosities within the range of from about 0.10 to 
4.5, and preferably from about 0.20 to about 1.4, as 
measured (unless otherwise indicated in this speci?ca 
tion) in N,N-dimethylformamide (DMF) (0.25 g poly 
mer in 100 ml solution) at 25° C. As used herein, the 
term “inherent viscosity” is determined by the formula: 

2.30 log 11”] 
71in]: : _C— 

wherein: 
77in], is the inherent viscosity; 
11,81 is the relative viscosity of a DMF solution of the 

polymer; and , _ 

C is the concentration in grams (0.25) of polymer per 
100 cc of solution. _ 

The polymers of the present invention typically have 
glass transition temperatures within the range of about 
— 10° to about 200° C. These temperatures can be deter 
mined by differential scanning colorimetry, as disclosed 
in Techniques and Methods of Polymer Evaluation, Vol 
ume 2, Marcel Dekker, Inc., New York, 1970. 

q The polymers of the present invention are soluble in 
a variety of organic solvents, including acetone, tetra 
hydrofuran, N,N-dimethylformamide, methyl ethyl 
ketone and the like. Typically, these solvents are used in 
the graphic arts to remove unexposed areas of photore~ 
sists or lithographic plates. Solubility is de?ned as for 
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use as developer solvents that the crosslinking of the 
polymer results in a distinct solubility differential in 
organic solvents such that said solvents will dissolve 
uncrosslinked polymer but not crosslinked polymer," 
and for imaging compositions such as described in U.S. 
Patent Application 015,541 pending as 1.9 g of polymer 
dissolving in 9.6 cc of acetone. The crosslinkable poly 
mers become insoluble after they are crosslinked. 
The polymers of the present invention are particu 

larly useful as binders in an imaging system comprising 
an aromatic dialdehyde capable of reacting with amines 
to form a dye, a material capable of generating amines in 
response to activating radiation and a binder that pro 
vides improved maximum densities for such an imaging 
system, such as described in U.S. Application 015,541. 
The polymers are compatible with radiation-sensitive 

compositions and are thus useful as binders for these 
materials in coating compositions. 
The polymers, in order to be useful as photographic 

binders in applications described in copending U.S. 
Application Ser. No. 015,541 of Adin and Wilson, must 
be soluble in acetone as other solvents, such as alcohols 
react detrimentally with the phthalaldehyde and are not 
suf?ciently volatile. The solvents remain in the coatings 
and increase the efficiency of dye formation, possibly as 
a result of decreased matrix viscosity. This produces a 
long-term stability problem. Although the coatings 
have excellent speeds when fresh, the speed drops upon 
storage as the solvent continues to evaporate from the 
layers. Therefore, solvents such as dimethylformamide 
are too nonvolatile for use. 1,4-Dioxane is too nonvola 
tile and toxic in addition to a tendency to form explosive 
peroxides. Cellulose solvents are highly toxic, react 
with aldehydes and are not volatile enough. The alchols 
will react with the aldehydes, especially phthalalde 
hyde, and therefore are not useful. Ethyl acetate and 
chlorinated solvents will not dissolve the resulting poly 
mers. 

This invention is further illustrated by the following 
examples, although it will be understood that these 
examples are included merely for purposes of illustra 
tion, and are not intended to limit the scope of the in 
vention. 

EXAMPLE 1 M 

Preparation of 
N-(4-Methacryloyloxyphenyl)-methanesulfonamide 
A mixture of 250.7 g (1.34 mol) of N-(4-hydroxy 

phenyl)methanesulfonamide, 135.5 g (1.34 mol) of tri 
ethylamine and 4 liters of methylene chloride was 
cooled to approximately 0° C. A solution of 140.0 g 
(1.34 mol) of methaeryloyl chloride in 1.34 liters of 
methylene chloride was then added over a period of 30 
minutes while maintaining external cooling. The resul 
tant solution was stirred at reduced temperature for 3.17 
hours, after which it was washed three times with wa 
ter. The organic layer was dried over magnesium sul 
fate and concentrated in vacuo to a solid residue. This 
material was washed with carbon tetrachloride, col 
lected and dried to give 165.0 g of material. Recrystalli 
zation from 2.2 liters of 4:1 benzenezhexane gave 149.5 g 
(43.7 percent yield) of N-(4-methacryloyloxyphenyD 
methanesulfonamide; m.p.= 129° to 131° C. 
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EXAMPLE 2 

Preparation of 
N-(2-Methacryloyloxyphenyl)-methanesulfonamide 
To a solution of 10.12 g (0.10 mol) of triethylamie, 

18.72 g (0.10'mo1) of N-(2-hydroxyphenyl)methanesul 
fonamide and 300 ml of methylene chloride cooled to 0° 
C. was addeda solution of 10.45 g (0.10 mol) of methac 
ryloyl chloride in 100 ml of methylene chloride over a 
15-minute period. After stirring 2 hours at reduced 
temperature, the solution was washed’ three times with 
water, dried over magnesium sulfate and concentrated 
to an oil. On cooling and scratching, the oil crystallized. 
Recrystallization from 1:1 benzenezhexane gave a white 
solid which'was collected, washed with 1:1 benzene: 
hexane, and dried atiroom temperature in vacuo. The 
yield of N-(2-methacryloyloxyphenyl)methanesulfona 
mide was 10.4 g (40.7 percent); m.p.=88° to 90° C. 

EXAMPLE 3 

‘Preparation of 
N~(3-Methacryloyloxyphenyl)-ethanesulfonamide 
To 20.0 g (0.099 mol) of N-(3-hydroxyphenyl)e 

thanesulfonamide, 10.06 g (0.099 mol) of triethylamine 
and 150 ml of methylene chloride cooled to 0° C., was 
added a solution of 10.39 g (0.099 mol) of methaeryloyl 
chloride in 100 m1 of methylene chloride, dropwise. 
Stirring was continued at reduced temperature for 4 
hours, after which the solution was washed once with 2 
percent hydrochloric acid, twice with water and dried 
over magnesium sulfate. Concentration of the solution 
in vacuov gave 22.0 g (82.5 percent yield) of non-crystal 
lizable oil. 

EXAMPLES 4 THROUGH 10 

Table 1, below, tabulates properties for additional 
examples of ortho, meta and para isomers of N-(metha 
cryloyloxyphenyl)alkanesulfonamides prepared herein. 

TABLE I 

I 
O 

NHSOZR 

Yield, 
Example R lsomer - percent mp, °C. 

4 ' --CH3 Para 24.3 127-129 

5 —CH3 Meta 39.2 93.5-95.5 
6 '-CH2CH3 Ortho 80.4 100-101 
7 ""Cl'hCHg, Para 42.1 1 19-l20 
8 '(-CH2-)7_ CH3 Para 68.8 66.5-67.5 
9 -(-CH2-)-3CH3 Ortho 46.6 62-64 
10 -<-cu2-)-3cn3 Meta 92.5 oil 
11 -(-Cl-l2-)- 3cm Para 43.1 61-63 
12 —C(,H5 Meta 38.9 126-128 
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EXAMPLE 13 

Preparation of 
N-(4—Acryloyloxyphenylfmethanesulfonamide_ _ 

A solution of 22.63 g (0.25 mol) of acryloyl chloride 
in 250 ml of methylene chloride was added over a per 
iod of 35 minutes to a mixture of 46.81 g (0.25 mol) ot" 
N-(4-hydroxyphenyl)methanesulfonamide, 25.30 g (0.25 -@ 
mol) of triethylamine and '750 ml of methylene chloride: 
at 0° C. The resultant solution was stirred at reduced, 
temperature for 2.17 hours, washed three, times ‘with 
water and dried over magnesium sulfate. Concentration 
of the solution in vacuo gave a solid which after two’ 
recrystallizations from benzene and drying gave 13.4 g" 
(22.2 percent yield) of N-(4-acryloyloxyphenyl)'me-‘ 
thanesulfonamide; m.p.=136.5° to 139.5“ C. 

EXAMPLE 14 
Preparation of 

N-(4—AcryloyloxyphenyDethanesulfonamide 
Using a procedure similar toythat of Example 13, 

N-(4-acryloy1oxyphenyl)ethanesulfonarnide was pre 
pared, giving a 43.4 percent yield and m.p.=99° to 100° 
C- ' a . 

EXAMPLE 15 

Preparation of ~ . 

N-(4-Methacryloyloxyphenyl)-N-methylmethanesul- , 

fonamide - ‘ 

To a solution of 20.13 g (0. 10 mol) of N-methyl-N-(4-y 
hydroxyphenyl)methanesulfonamide, 10.12 g (0.10 mol), 
of triethylarnine and 300 ml of methylene chloride 
cooled to 0° C., was added a solution of 10.45 g (0.10 
mol) of methacryloyl chloride in 50 ml of methylene’ 
chloride for a 15-minute period. The solution was 
stirred for another 2 hours at reduced temperature,’ 
washed three times with water, dried over magnesium/ 
sulfate and concentrated to a white solid. Recrystalliza 
tion from 500 ml of 1:1 benzenezhexane gave 16.4 g (60.9 
percent yield) of N-(4-methacryloyloxyphenyl)-N 
methylmethanesulfonamide, m.p.= 126° to 127° C. 

EXAMPLE 16 

Preparation of g N-(2-Methyl-4-methacryloyloxyphenyl)methanesul 

. fonamide 

To a mixture of 24.00 g (0.089 mol) of N-(Z-methyl-4 
hydroxyphenyl)methanesulfonamide, 9.00 g (0.089 mol) 
of triethylamine, and 150 ml of methylene chloride 
cooled to approximately 0" C. was added a solution of 
9.32 g (0.089 mol) of methacryloyl chloride in 150 ml of 
methylene chloride and 50 ml of methylene chloride 
wash over approximately 20 minutes. The reaction mix 
ture was then stirred for another 4 hours at reduced 
temperature, after which it was washed with 2 percent 
hydrochloric acid and twice with water. The organic 
phase was dried over magnesium sulfate, treated with 
decolorizing carbon, ?ltered and concentrated to an oil, 
which crystallized on cooling. The solid was recrystal 
lized from 1:1 dichloroethanezhexane to give 14.7 g 
(61.3 percent of theory) of N-(Z-methyl-4-metha 
cryloyloxyphenyl)methanesulfonamide, m.p.=95° to 
97° C. 

EXAMPLES 17 THROUGH 19 

N-(4—methacryloyloxyphenyl)methanesulfonamides 
having other ring substituents were prepared similar to 

4,259,469.. 
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Example 16. Their properties are tabulated in Table 11. 

TABLE II 

CH3 

1 w- v ‘ V (112:? 

NHSOZCH3 
- Yield, 

Example W Y Percent mp, "C. 

17 C1 CI 48.2 118-] 19.5 
18 CH3 H 9.4 96402 
19 Br Br 63.5 132-134 

EXAMPLE 20 

, 7 Preparation of 

N-(4-Methacryloyloxybenzyl)-methanesulfonamide 
A mixture of 6.04 g (0.03 mol) of N-(4-hydroxyben 

zyl)methanesulfonamide, 3.04 g (0.03 mol) of triethyl 
amine, and 30 ml of methylene chloride was cooled to 
approximately 0'’ C. To this mixture was added a solu 
tion'o'f 3.14 g (0.03 mol) of methacryloyl chloride in 15 
ml of methylene chloride over approximately 5 minutes. 
The mixture was stirred for an additional 15 minutes 
and ?ltered. The ?ltrate was washed twice with water, 
dried over. magnesium sulfate and concentrated in a 
rotary evaporator. The solid residue was recrystallized 
from 1:1 hexane:1,2-dichloroethane. The yield of N-(4 
methacryloyloxybenzyl)methanesulfonamide was 3.0 g 
(37.13 percent of theory), m.p.=101° to 102.5° C. 

. EXAMPLES 21 AND 22 . 

Property data for two additional N-(4-metha 
cryloyloxybenzyl)sulfonamides can be found in Table 
I11. 

TABLE III 

c=o 
I 
o 

55. 

65 

CHZNHSOIR 
Yield. 

7 Example R Percent mp. 'C. 

40.7 
32. 8 

1015-1015 
22 156-160 
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EXAMPLE 23 

Preparation of 
N-(4-Acryloyloxybenzyl)-methanesulfonamide 

‘To a mixture of 20.1 g (0.10 mol) of N-(4-hydrox 
ybenzyl)methanesulfonamide, 10.1 g (0.10 mol) of tri 
ethylamine and 100 ml of methylene chloride cooled to 
approximately 0° C. was added a solution of 9.0 g (0.10 
mol) of acryloyl chloride in 50 m1 of methylene chloride 
over a IO-minute period. Stirring was continued for'30 
minutes, and the mixture was filtered. The ?ltrate was 
washed twice with water, dried over magnesium sulfate 
and concentrated in a rotary evaporator. The residue 
was recrystallized from 100 ml of 1:1 hexane:1,2 
dichloroethane. The yield of N-(4-acryloyloxybenzyl) 
methanesulfonamide was 8.2 g (32.1 percent of theory), 
m.p.=ll2° to 115° c. 

EXAMPLE 24 

Polymerization of 
N-(4-Methacryloyloxyphenyl)-methanesulfonamide 
A solution of 44.0 g of N-(4-methacryloyloxyphenyD 

methanesulfonamide and 396 ml of N,N-dimethylfor 
mamide was purged with nitrogen. a,a’ 
Azodiisobutyronitrile (0.11 g) was added and the solu 
tion was heated in a 60° C. bath with nitrogen bubbling 
through the solution overnight. The solution was 
poured into diethyl ether to precipitate the polymer, 
which was isolated, redissolved in acetone and poured 
into methylene chloride to reprecipitate the polymer. 
The precipitate was isolated, ground up in methylene 
chloride in a Waring blender, collected and dried in a 
vacuum oven to give 31.8 g (72.3 percent conversion) of 
poly[N-(4-methacryloyloxyphenyl)methanesulfona 
mide]. 
The inherent viscosity of the polymer was deter 

mined to be 0.94 and the glass transition temperature 
was 172° C. on third heating. 

EXAMPLES 25 THROUGH 36 

The above procedure of Example 24 typi?es the 
method of preparation of polymers having different 
vinyl substituents, sulfonamide substituents, and arylene 
substituents. These are listed in Table IV with their 
properties. Many polymers were also prepared in sealed 
vials and are soindicated in Table IV. 

TABLE IV 

R1 
1 

_(CH2—C)n_ 

C=O 
l 
O 

m-rsoznl 

R3 
Con 
ver 

Ex- sion, 
am- Per- IV Tg, 
ple Rl isomer R2 R3 cent dl/g 'C. 

25 -CH_; Ortho —CH3 —H 42.1 0.47 148 
26 —CH; Ortho -CI-I1CH3 —H 51.4‘ 0.40 109 
27‘ —CH; Meta -CI-I2CH3 ~11 42.0 1.20 107 
28 —CH_1 Para -CH3CH3 -H 84.6 0.22 152 
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TABLE’ IV-continued 

Rl " 

. | 

'_(CH2_(|:)n_ 
C=O 
I 
O 

NI-ISOZR2 

R3 

Con 

ver 

Ex- sion, 
am- _ Per- ‘1V Tg, 

ple R' lsomer R2 R3 cent dl/g "c. 

29 —Cl-I3 ‘Para —(C1-I2)2C1-13 —-II 45.7 0.24 138 
30‘ --CH; Ortho -—(CH2)3CH3 -—H 66.5 1.89 109 
31' —-CI-I3' Para —(C1-I2)3CI-13 —H 28.3 4.45 128 
32 "H Para —CH3 —H 35.0 0.14 91 
33 —H Para --CI-IgCI-I3 —I-l 54.0 0.63 55 
34 -C1-I3 Meta —CH3 ' —H 58.9 0.43 134 
35' --CH; Meta -—C5I-I(, --H 55.3 0.18 89 
36' —CH;; Para —CH3 —Cl-I3 85.5 1.06 157 

‘Prepared in a sealed vial 

EXAMPLE 37 

Polymerization of 
N-(4-Methacryloyloxyphenyl)-N-methylmethanesul 

fonamide 
A solution of 15.0 g of N-(4-methacryloyloxyphenyl) 

N-methylmethanesulfonamide and 135 ml of N,N-dime 
thylformamide was purged with nitrogen. a,a' 
Azodiisobutyronitrile (0.0375 g) was added and the 
solution wa‘s‘heated with nitrogen bubbling in a 60° C. 
bath for approximately 20 hours. Polymer was isolated 
by pouring the resultant‘ solution into diethyl ether, 
rinsing the precipitate with ether, redissolving in meth 
ylene chloride and pouring into ether again. The poly 
mer was collected and dried in vacuo to give 11.5 g 
(76.7 percent conversion) of material. 
The inherent viscosity was determined to be 0.50 and 

the glass transition temperature was ‘180° C. and 236° C. 
on, second heating. 2 

EXAMPLE 3s 
’ Polymerization of 

N-(3,5-dibromo-4-methacryloyloxyphenyl)methanesul 
fonamide 

In a 125 ml vial. was placed 20.0 g of N-(3,5-dibromo~ 
4-methacryloyloxyphenyl)methanesulfonamide, 46.7 g 
of N,N-dimethylformamide and 0.02 g of (1.01’ 
azodiisobutyronitrile. The vial was sealed, purged with 
nitrogen for one hour with hypodermic needles and 
swirled in a 60° C. bath for 96 hours. The solution was 
then poured into diethyl ether to precipitate the poly 
mer, which was isolated, rinsed several times with ether - 
and dried in vacuo at 50° C. The yield of polymer was 
4.1 g (20.5 percent of theory). 
The inherent viscosity was determined to be 0.10 and 

the glass transition temperature was 198'’ C. 
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EXAMPLE 39 

Polymerization of 
N-(4-Methacryloyloxybenzyl)-methanesulfonamide 
A solution of 16.0 g of N-(4-methacryloyloxybenzyl) 

methanesulfonamide and 64 ml of N,N-dimethylforma 
mide was purged with nitrogen. a,a'-Azobis 
diisobutyronitrile (0.08 g) was added, and the solution 
was heated in a 60° C. bath ‘with nitrogen bubbling for 
16.5 hours. The solution was poured into ether to pre 
cipitate polymer. The polymer was rinsed with ether, 
dissolved in acetone containing a small amount of wa 
ter, and reprecipitated in ether. The polymer was rinsed 
again with ether and dried in a vacuum oven. The yield 
of polymer was 13.9 g (86.9 percent conversion). 
The inherent viscosity was determined to be 0.60, and 

the glass transition temperature was found to be 130° C. 

EXAMPLES 40'THROUGH 42' 
Polymers of other N-(4-acryloyloxybenzyl)a1kanesul 

fonamides were prepared. The polymers and their prop 
erties are listed in Table V. 

TABLEV 

RI 
1 

-(CH2—?— 
i=° 
0 

CI-IZNHSOZRZ 
Ex- Conversion, IV 

ample R1 R2 percent - dl/g ‘ Tg', 'C. 

40 —cu; —cnz'cn3 81.0 0.66 i1: 
41 —CH; 60.0 0.31 103» age 
42 -n —cm 21.4 0.36’ ‘21760’ 

EXAMPLES 43 THROUGH 46 

Using the procedure of Example 24,'N-(4-m'etha 
cryloyloxyphenyl)methanesulfonamide was eopoly 
merized with various copolymerizable 'ethylenically 
unsaturated monomers. The polymers and their proper 
ties are given in Table VI. ‘ 
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EXAMPLE 47 

Copolymerization of 
N-(4-Methacryloyloxyphenyl)methanesulfonamide and 
N-(4-Methacryloyloxyphenyl)-N-methylmethanesul 

' fonamide 

A solution of 13.47 g (0.05 mol) of N-(4-metha 
cryloyloxyphenyl)-N—methylmethanesulfonamide, 
12.76, g (0.05 mol) of N-(4-methacryloyloxyphenyl)mc 

' thanesulfonamide, and 235 ml of N,N-dimethylforma 
mide was purged with nitrogen. a,a'-Azodiisobutyroni 
trile (0.065'g) was added, and the solution was heated in 
a 60° C. bath for 22.3 hours. The solution was poured 
into ether to precipitate polymer, which ‘was isolated, 
dissolved in acetone with a small amount of water, and 
reprecipitated in methylene chloride. The polymer was 
isolated and dried to give 19.6 g (74.7 percent conver 
sion) of material. 
The inherent viscosity was determined to be 0.68 and 

the glass transition temperature was 162° C. 

- - -‘-EXAMPLES 48 L THROUGH 50 

Polymer Evaluation 
"- Dopes were prepared according to the formula given 

below and werecoated at about 100 microns wet thick 
ness‘on subbed poly(ethylene terephthalate) support. 

Phthalaldehyde 0.320 g 

Cobalt(lll)hexammine tri?uoroacetate 0.200 g 
2-lsopropox'y-l,4-naphthoquinone 0.0108 g 
Surfactant 0.040 g 

' Polymeric binder 1.90 g 
Acetone 7.60 g 

The coating block was set at 90° F. (32° C.) during 
coating and for one minute thereafter, then heated to 
140° F. (60° C.) for live minutes for further drying. The 
sensitoinet'ry of the ?lms was determined from prints 
prepared by contact exposing the ?lm for about 8 sec 
onds through a 0.3 log E step tablet in an IBM Mi 
crocopier'IID, Model 9954 exposing apparatus and then 
developing the image by contacting the back of the ?lm 
for 5 seconds to a hot block set at 140° C. 
The following table lists Examples 48 through 50 

evaluated along with the maximum neutral densities of 
the print. The control polymers A and B are disclosed 
in US. Pat. No. 2,566,162, are not within the present 
invention, and lack the solubility desirable for applica 
tion as photographic binders for this system. The con 
trol polymer C has the structure: 

TABLE VI 

Sulfonamide Mole Mole Polymer 
Example Monomer Percent Comonomer Percent l.V. tg, "C. 

43 N-(4-methacryloyl- 75 Methacrylonitrile 25 0.69 178 
oxyphenyDmethane 
sulfonamide 

44' N-(Lmethacryloyl- 75 Methyl vinyl ketone 25 0.43 168 
oxyphenyDmethane 
sulfonamide 

45 N-(4-methacryloyl- 75 Melhacrylamide 25 0.66 193 
oxyphenyl)methane~ 
sull'onamide 

46 N-(4-methacryloyl- 90 N-(isobutoxymethyly 10 0.62 182 
oxyphenyDmethane- acrylamide 
sulfonamide 

‘Prepared in a vial 
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TABLE VIII 

Example 
48 

Polymer Solubility 

soluble PolylN-(metliacryl- 2.11 
oyloxyphenyl)methane 
sulfonamide] 
PolylN-(4-methacryl 
oyloxyphenyl)butane 
sulfonamide] 
Poly[N-(4-methacryl 
oyloxybenzynmethane 
sulfonamide] 
Poly[N-methyl-4-methacryl 
amidobenzenesulfonamide] 
Poly[N-butyl-4~methacryl 
amidobenzylsulfonamide] 
Poly[N-(4-methacrylamido 
phenyl)methanesulfonamide] 

49 1.27 soluble 

50 1.68 soluble 

Control A insoluble 

Control B insoluble 

Control C insoluble 

The invention has been described in detail with par 
ticular reference to preferred embodiments thereof, but 
it will be understood that variations and modi?cations 
can be effected within the spirit and scope of the inven 
tion. 
What is claimed is: 
1. A polymer having an equivalent molecular weight 

in the range from 10,000 to 500,000, said polymer com 
prising: 

(a) about 1 to 100 mole percent of one or more units 
having the formula: 

wherein: 

l0. 
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R and R1 are independently hydrogen, halide or al 

kyl; 
R2 and R3 are independently hydrogen, alkyl, cyclo 

alkyl, aryl or aralkyl; 
q is 0 or 1; and 
Ar is arylene having from 6 to 18 carbon atoms; and 
(b) 0 to 99 mole percent of one or more additional 

polymerized ethylenically unsaturated polymeriz 
able monomers. 

2. The polymer of claim 1 wherein R and R2 are 
hydrogen; R1 is hydrogen or methyl; R3 is alkyl or aryl; 
and Ar is phenylene. 

3. The polymer of claim 1 wherein the additional 
ethylenically unsaturated polymerizable monomers 
have crosslinkable pendant aldehyde groups. 

4. The polymer of claim 3 wherein at least one addi 
tional ethylenically unsaturated polymerizable mono 
mer has the formula: 

C) 

wherein: 
R4, R5, R6 and R7 are independently hydrogen or 

alkyl; 
R8 is arylene; 
m is an integer from 1 to 4; and 
n is an integer from 0 to 4. 
5. The polymer of claim 4 wherein R4, R5, R6 and R7 

are each hydrogen, m is 1 and n is 0. 
6. The polymer of claim 1_wherein at least one of the 

additional ethylenically unsaturated polymerizable 
monomers has ionic groups. 

7. The polymer of claim v6 wherein at least one of the 
additional ethylenically unsaturated polymerizable 
monomers is 2-(methacryloyloxy)ethyltrimethylam 
monium methosulfate. 

8. The polymer of claim 1 comprising from about 45 
to about 100 mole percent of at least one polymerized 
monomer having the unit of claim 1. 

9. The polymer of claim 1' wherein the polymer has 
an inherent viscosity within the range of from about 
0.10 to about 4.5. 


